Abstract. It is extremely challenging to get an overview of the current state-of-the-art in technology enhanced learning in Europe. Rapid technological and pedagogical innovations, constantly changing markets, a vivid number of small and medium enterprises, complex policy processes, ongoing political and societal debates on the pros and cons of technology enhanced leaning, combined with many languages and different cultures, make it almost impossible for people to be informed. We want to introduce the media base and the measure tools for pattern-based cross media social network analysis, created by the PROLEARN network of excellence in professional learning. The main goal of this endeavour is the reduction of complexity for actors in digital social networks by applying ideas from social software and already successful methods for complexity reduction, such as information visualization, social network analysis and pattern languages.
Technology Enhanced Learning in Europe
Networking is one of the buzzwords for the information and knowledge society in the 21 st century. Our spheres of life are networked, especially with digital media having impact on all forms of human action. According to the Lisbon Strategy, Technology Enhanced Learning is one of the major goals of the European Community, which should also be reached by access to ICT, networks and resources. Due to the different languages in Europe, the market of the enhanced learning has a larger diversity than the USA. The development levels of technology enhanced learning vary from country to country. Above all, the United Kingdom, the Netherlands and Sweden play the leading roles in enhanced learning in Europe [31] . The reasons are software industry and the high internet penetration rates. The United Kingdom dominates the software sector with 29.6% of the market share (EUR 43.8 billions). Statistics show that internet usage by individuals in Sweden (82%), Denmark (76%) and Finland (70%) reached the highest levels in Europe in the first quarter of 2004 [47] .
Through this continuing process new network phenomena occurs, such as distributed learning repositories [12] , virtual learning communities and digital networks, such as the European School Net (www.eun.org/portal/index.htm) and the PROLEARN Virtual Competence Center (www.prolearn-online.com), offering services for education in general or to businesses. As there are many pedagogical innovations in technology enhanced learning and a growing number of technical infrastructures, the demand for technology enhanced learning services is growing, too. Due to the extending research on economic feasibility, commercial relevance, usability, sociability, and educational benefits, the overall situation of the European technology enhanced learning market is getting more complex. Information in these networks, is far beyond the human capabilities of analysis and understanding, due to the sheer mass of contents, the number of companies, as well as the different languages, cultures, and markets.
This paper introduces one of the endeavours of the PROLEARN Network of Excellence in Professional Learning (www.prolearn-project.org) [51] . In the scope of the work package "Social Software", we aims to create a European media base, containing digital information about technology enhanced learning for different target audiences, i.e. actors in digital media networks, including scientists, business people, policy makers, and normal citizens who are interested in ongoing discourses in technology enhanced learning. We store information from mailing lists, newsletters, blogs, rss feeds, web sites, podcasts, etc. The PROLEARN media base is far from being complete. Like any kind of social software, the media base depends on the participation of the people using the software. Being started with a excellence network of hundreds of partners is good for having a critical mass of content. However, the barriers of participation have to be very low [6, 45] . Therefore, the tools should be used easily and offer added value services. We also aim to provide actors self-monitoring tools to help them better understand the impact not only of their own activities, but also of the other actors' activities in the digital media network. By now, we do not know definitely what result the idea of a European media base for technology enhanced learning will lead to. What we know by now is that we need to reduce complexity. So the toolset PROLEARN Measure offers a series of computer-based tools for analysis of the media in the PROLEARN media base.
Computers are deployed to facilitate our understanding of complex network phenomena. A network is a set of autonomous entities, connected in a specific way. Natural or artificial networks share a set of entity-, sub-network or networkspecific features which could be observable empirically sometimes. These features can be expressed by empirical measures or probabilistic models. With the common mathematical basis, it is possible to exchange knowledge about networks between different theoretical or observation contexts. In contrast to explanations, gained in isolated scientific disciplines such as sociology, genetics or economics, this leads to a dramatic increase in the appreciation of network phenomena.
In the following we introduce three approaches to complexity reduction: information visualization, (social) network analysis, and pattern languages. All three approaches are interwoven. The sometimes subtle interplay between visualization and network analysis respectively pattern presentation has to be taken into account, too [29] .
Information visualization [3] is certainly a promising way to reduce complexity, but we have to go beyond visualization, since the amount of information is challenging even for advanced information visualization strategies [43] . A survey we have conducted in 2002 shows that a particular requirement of not technical experienced users was of special interest in a sophisticated cross media analysis with hidden computational complexity. The visualization of networks with generally available algorithms creates (sometimes even undesirable) evidence for abstract numerical correlations. Those network representations are one more digital medium in the trace of media usage. Re-contextualizing them in scientific and societal discourses facilitates knowledge creation, since societal processes and structures are mediated over digital media. The importance of digital media for our life is constantly growing while trust in digital media is an issue. On the one hand, digital media offer actors in networks new possibilities to act. On the other hand, these actors themselves are more often a target of undesired actions of others. This relation of agency and patienthood is most critical in our appropriation of information technology at large, e.g. in vocational training situations people are very unsure about the future. Challenges are to balance structural analysis and content-related analysis of media. Both content-based and structural analysis can be tackled by media-extended social network analysis.
This second way to reduce information complexity is to apply social network analysis (SNA) [10] . Within structural traditions in sociology, SNA is applied to handle large complex relational data sets, covering information about social relations. Working on this idea, we want to present cross media extensions arguing that actors act through the media which they produce and consume. The basis for cross media social network analysis is the Actor-Network Theory (ANT) [30] . It provides an approach which does not distinguish between people and objects. For that reason, it is an appropriate method for modeling digital social networks.
The third approach to reducing complexity are pattern languages. A pattern includes the description of an observable and known behaviour related to the media base. We later call this a disturbance. From the tradition we take elements like the context where the pattern is applied, forces which come into play, the recommended solution and the rationale behind it [1] . Patterns are most useful if they are seen in relations with each other [42] , since the human mind is always searching for regularities and similarities [41] . Patterns were already successfully applied in other areas to reduce complexity, such as architecture [1] , economics [11] , and computer science [18] . A pattern language might be crucial for forecasting the possible development of digital media. Since, in the moment the formalization and applicabiliy of patterns are most urging for the media base, we discuss differences and similarities with other pattern language approaches in a later phase of the project.
The rest of the paper is organized as follows. In the next section we will introduce the cross media social network analysis theory. Then, we will present the PROLEARN media base. On top of the media base there are a series of exploratory and interactive tools, PROLEARN Measure. After that patternbased methods to combine structural and content specific analysis on large data sets are presented. The paper concludes with an outlook.
Cross media Social Network Analysis
Cross media Social Network Analysis creates evidences about acting and being a target of actions in media networks. These evidences are starting points for learning processes within the networks to develop competences of acting in a networked world or on a global stage. We are aware that all tools presented here can be used to observe the online behaviour of people. Therefore, it is most important that the media base and the tools presented here are not in the hands of a few but are given to the network members for self-monitoring. For the sake of clarity we introduce the theories influencing our cross media social network analyis theories in short.
-The structural properties of dynamic, evolving and real-world networks are part of (social) network analysis [36] . -Media operations have been studied mainly in the humanities [21] while a unifying view on media agents and patients is possible with Actor-network theory [30] . The structural dependencies between actors can be expressed best with the i*-Framework [52] . -Learning processes based on reification of intuition, shared practice and beliefs are studied in the context of Knowledge Management and Organisational learning [38, 50] .
Every network supports certain types of media. They influence how the communication links between the members are created. The members as edges and the communication links as vertices define a graph G = (V, E). Properties which have their roots in the network analysis can be defined for the network and the members. The most important network properties are the small world [49] property and the scale free network [2] property. In those networks that are both small world and scale free, there exist special members, so-called hubs which control media opeations being a well-connected node. We model this within the i*-framework [52] . Apart from the network, there are three special types of actors that compose a social network. The member stands for an existing person or a sub-community. The medium enables the members to do certain activities, among which the most important ones are establishing communication links and exchanging information. The artefacts are objects created by the members, using some medium. The communication links among the members can be traced using the artefacts. The basic social unit, which forms a digital social network is the member. Members have properties which are derived from SNA, describe their positions, and are used to estimate the importance of the members in the network modeled than in the i*-framework. Some important types of centrality are: the Degree centrality, a property which measures in the most straight forward way the member's social capital in the network ; the Closeness centrality CC m , taking into account the closeness of the member m to every other member [4, 10, 15] ; the Betweenness centrality, estimating the possibility of a member to influence the communication of others [4, 10, 15] . Efficiency is used to detect structural holes in the neighbourhood of a member v. Structural hole is a relationship between two non redundant P r e -t e x t s T r a n s c r i
Fig. 1. Transcription creates interpretations of media in media
neighbours of a member [7] . The more structural holes exist for a member, the greater his social capital is [19] . The efficiency is a function of the time and the energy which a member invests into the relations with each neighbour. Referencing ANT, we apply SNA on networks built by media, artefacts and individuals. All media are social entities. A media-specific theory helps us understand digital media support for cross media SNA. It is based on the following media operations [14, 21] . New concepts are developed through making selections from an initially unstructured set of media-based 'pre-texts' and converting them through a process called intra-or inter-medial transcription into a so-called transcript, a media object describing the new concept.
• It condenses and structures the set of pre-texts by designating some of them as evidences, counter-examples, or points of critique, while de-emphasizing others. Transcription is a media-dependent operation to make media collections more readable (cf. Figure 1 ).
• Thus, it enables a new reading of the pre-texts where the kind of readership is determined by the media, through which the transcript is prepared and communicated. Well-designed transcripts can significantly increase the community of practice for a certain piece of knowledge, or may intentionally focus on specific 'insiders'. Localization means an operation to transfer global media into local practices.
• The term of (Re-)Addressing describes an operation that stabilizes and optimizes the accessibility in global communication. Thus, transcription not only changes the status of passive understanding by others, but also enables further cooperative knowledge creation by stimulating debates about the selected pre-texts and about the transcription itself. More details are in [22, 23] . We will now synthesize these media-specific operations with learning processes by human actors. The result is a media centric re-formulation of the previously introduced media operations on knowledge creation and social learning processes adopted from Nonaka and Takeuchi [38] and Wenger [50] . The knowledge creation theory, especially the SECI model, by Nonaka [38] has been widely acknowledged in management theory and practice. Also in the fields of CSCL and professional learning, the most prominent knowledge management theories are those of Bereiter, Engeström and Nonaka [39] . We are building our media base on the assumption that digital social networks, informal subnetworks or communities of practice want to share knowledge about business, markets, their professions etc. Knowledge sharing in this setting is primarily a social process [9, 46, 20] . The SECI model makes a basic distinction between tacit and explicit knowledge [40, 38, 35, 26, 27] . The processes include the related media specific operations: transcription, localization, and addressing. In the upper section we focus on actions performed by actors. Starting with an individual who has internalized some media-specific knowledge, there are two ways to communicate with others. On the one hand, there is an option to present this information to others by localized actor-actor interaction, which allows the content's socialization within the Community of Practice and is equivalent to the development of a shared history vice versa. On the other hand, individuals may also perform an actor transcription of their knowledge by generating new medial artefacts. This operation brings us into the lower section, where media from the digital social networks are processed. The externalized artefacts of a member are now further processed by the IS. This is done by a transcription of the medial artefacts. The final addressing closing the circle is the context depending presentation of the medial artefacts or a cross media concatenation. From then on, the process might be repeated infinitely, oscillating between tacit and explicit knowledge on the epistemological axis and between actors and the digital social network on the ontological axis.
Moreover, we want to address two other issues: (a) the prerequisites for any knowledge transformation and (b) a phase model for knowledge creation. This phase model of learning (sharing tacit knowledge, creating concepts, justifying concepts, building an archetype, cross-leveling of knowledge) makes it clear that learning is an action-oriented process. The aim of knowledge creation is to build something (the archetype). Thus, the PROLEARN media base needs to define a mission, a vision which brings the members together. The overall goal of the PROLEARN Network of Excellence, the PROLEARN outreach instruments, the PROLEARN Academy and the PROLEARN Virtual Competence Center is essential for the creation of a mission. With the cross-leveling of knowledge, the process starts again. As important as the process model are the prerequisites of learning, which are intention, autonomy, fluctuation, creative chaos, redundancy and requisite variety. All these ideas might amount to a nightmare for western style organizations. However, Nonaka and Takeuchi are arguing that these prerequisites are inevitable. Furthermore, the concept of 'ba' [37] and the concept of CoP [50] are quite similar.
A Technology Enhanced Learning Media Base for Europe
The first question addressed is why to build up a media base. Briefly, this enables us to perform a model-based analysis of different kinds of processes in existing digital social networks to describe and relate concepts of communication, coordination, and knowledge organization, compare and extract use of these concepts in different contexts, identify patterns of communication and knowledge organization, and study common and distinct features of digital media usage. An important feature is to offer members a functionality to collaboratively administrate and retrieve medial artefacts. Of course, there are many projects dealing with thematic classification of artefacts for a latter retrieval. For instance, there are several social software tools indexing and classifying bookmarks, references, images, videos in general. We analyze the correlation between digital social networks and the media they use. For that purpose, we support the members by tools to classify, comment and review the projects they monitor. In this aspect, projects in the cultural sciences cover discussion groups, newsletters, web-sites, feeds, and blogs. The second question addressed is how to build up such a media base. We decided to build the core of the media base on top of an operational community memory system, called GRAECULUS [27] . The strategy was preferred, because the system already interrelates patterns of knowledge organization and patterns of communication and coordination. As cited in [6] , we are members of hundreds of different overlapping communities all the time. To interrelate the knowledge organisation processes with the community processes, we construct an Entity-Relationship model that emphasizes the coherence between the community process models and the knowledge organization processes. The ER model depicted in Figure 2 is based on an extended entity-relationship approach. Each box represents an entity of the model, with the attributes omitted here. Relationships are linked by diamonds with links to the entities, while isA-relationships are presented as triangles. The most important concepts of the ER model are summarized in the next paragraph.
A Community is the central concept of the PROLEARN media base, as it is in the middle of a whole network and the individual members. In every kind of social software, there are means to facilitate such sub structures. Without them, social software would not be usable any more because of the high communication complexity and trust issues. Community activities contain important knowledge, which is stored on media belonging to the community. Actors also belong to Communities and perform processes (modeled by process models expressed in a language chosen by the actors). The Process concept describes community and knowledge processes of actors. All Processes can be refined by consist-relationships. Each process belongs to a process type taxonomy (P TYPE ) which is defined collaboratively by each community. We define a standard taxonomy [42, 48] with five different process types: a) acquisition pro-cesses which are used to acquire new media, b) search processes for media, c) transcription processes for media, d) retrieval processes for media, and e) monitoring processes for media. An Actor characterizes humans or groups of humans (consist-relationship) performing a process. Each actor belongs to an actor type taxonomy which is defined collaboratively by each community. From past experiences with knowledge management projects [34] , we have already defined a standard taxonomy consisting of four different actor categories: a) Actors who produce media, b) Actors who consume media, c) Actors who view media, and d) Actors who administrate or manage media within a community. The Medium concept describes artefacts created or consumed by the processes, according to the transcription theory. For later use in cross media social network analysis and in the pattern language, we can differentiate between media and artefacts. But this is not shown here. Each Medium belongs to a media type (M TYPE ), describing a taxonomy of media types which is also defined collaboratively by each community. ANT states that actors not only perform processes, but also are affected by processes (patienthood). A User is a special actor that uses the PROLEARN media base. Therefore, the User has a certain rank within the community. Each Community has a classification. The classification can be done by 'tagging' of the community members or can be defined in other categorization hierarchies. Here, we put a learning classification developed by the PROLEARN network of excellence to characterize their work in work packages. Other classifications which can also be used in parallel are geographical distributions of the media and language distribution etc.
Retrieval and Exploration Tools
Retrieval of data is realized on top of the content management system Plone, which builds on the application server ZOPE. For each medium in the media base, we have created web-based access structures, e.g. for reading mails, newsletters, blog entries, rss feeds and so on. All web sites in the media base are mirrored completely on local file systems, so we can access them even if the original web site is not available temporarily or gone forever. For accessing the huge amount of information, we have predefined -apart from a simple free text search function -several queries that enable even a not experienced user to discover dependencies among various media offers in order to explore its content by the structure defined in the ER diagram. First, users might pass through the media structure and its components. Here, various characteristics of the projects are displayed, which have been automatically extracted upon its creation and can be modified manually later on. Another way is to deploy information visualization strategies. Figure 3 shows a treemap visualization of the PROLEARN Measure mailing lists. The mailing lists are categorized according to their languages and according to some categorization schemes on learning. The latter is derived by adopting some of the PROLEARN work packages as the categories. The treemap is computed by using the squarified treemap algorithm [5] . The size of the rectangles on the lowest level reflects the number of mails that have been sent within the corresponding mailing lists. For each mailing list, some statistics, such as the overall number of mails, can be displayed. In order to provide a close look at the In Figure 4 a simple tool for the cross media social network analysis of the PROLEARN Measure mailing lists is shown. The user can select different networks, explore them and perform an interactive cluster analysis. In the following, this process is depicted in a more detailed way: at first, the user has to select the mailing list he wants to explore and a time frame for this exploration (see form "Data" in Figure 4 ). Then the user has to decide on the nature of the data that he wants to visualize as a network.
In this context, four different kinds of information (and arbitrary combinations of them) can be displayed: 1) If the option "Mails Member ->Member" is chosen, this results in a network reflecting the communication structure between the members of the selected mailing list. More precisely, if the member A has replied to a mail by the member B, the network contains an edge from A to B. 2) With the option "Mails Member ->Mailing List" turned on, each member to whom A has written a mail in the selected mailing list, results in an edge from A to a node representing this list. The last two options concern the reference structure of the mailing list: 3) If some web site W has been referenced in one of the mails by the member A, the resulting network contains an edge from A to W (third option). 4) Basically the same as 3), only that all mails of the mailing list (also those that have been sent by the mailing list itself) are considered. In this case, for each mail in which the web site W is referenced, the network contains an edge from the node representing the mailing list to W. If the user selects several options at the same time, the corresponding networks are merged.
After having submitted the "Data" input, the final network is displayed. The selected mailing list is represented by a mail icon, an individual by an actor icon and a website by a globe icon. This network can be further explored through the functionalities of zoom-in and zoom-out, moving it within the network window, moving single nodes or groups of nodes and choosing different lay- [17] , Circle, and Kamada-Kawai [25] . As mentioned, apart from simply exploring the network, it is possible to cluster it interactively. The clustering is based on the Edge Betweenness Centrality (EBC) [16] . With a slider, the user can choose the number of edges N he wants to be removed from the network. This results in the removal of the N edges with the smallest EBC. The different colours of the nodes then indicate the latter's cluster membership. When clicking the button "Group Clusters", all nodes that belong to the same cluster are grouped together.
4 Pattern-based repositories for technology enhanced learning media
Our PALADIN (PAttern LAnguage for DIsturbances in digital social Networks) approach is an application, developed to research into a set of digital social networks with patterns on the basis of the ANT model and a pattern language. We call behaviour observed in digital social networks behaviours because it is the start of a learning process triggered by the difference between the actual behaviour and the desired behaviour. PALADIN offers a web interface to define, browse and store patterns, actors and actor properties. The repository is an XML database management system. PALADIN includes a general network implementation that focuses on the structural properties of the members. In PALADIN a digital social network is a set of actors along with their relations. It has properties which can be used in the definition of the patterns. A medium or a set of media is the basis of the digital social networks. It influences the networks, their structures and the way to communicate [44] . Dependencies between actors are modeled with the i*-framework [52] . Every type of medium defines how the communication links between the members are built. The media are emails, mailing lists, blogs, transaction-based web sites, wikis, URL, and chat rooms.
The communication between members is realized through the exchange of artefacts. An artefact is created by a member in a certain medium. The artefacts represent the information circulating in the digital social network. The types of artefacts, analyzed in PALADIN, are messages, threads, bursts, conversations, blog entries, comments, web pages, transactions, and feedbacks. The properties which are mostly used for the pattern definition are the author and the creation date. Most of them are defined intuitively. An exception is the burst which is a conceptual artefact, based on the activity in the network for a given time period. It can be used to detect topics which appear, gain popularity, and then fade.
According to the activity of the members and their patterns of communication, we defined several patterns based on the analyis of literature [8, 13, 32, 48] like questioners, answering persons, trolls, conversationalists, and spammers. A questioner is a member, who seeks help and information. A answering person provides answers to the raised questions without going into discussions. A conversationalist is a member who actively participates in discussions. A troll aims at drawing attention and starting useless discussions. A spammer sends messages irrelevant for the community, which are mainly advertisements or binary files.
The pattern language includes a pattern structure definition, the Formal Expression Language for Patterns (FELP), and algorithms for the application of the patterns in digital social networks. A pattern has a name, a disturbance, a description, forces, force relations, a solution, a rationale and pattern relations. The name of the pattern is short but descriptive. The disturbance is a condition, which indicates the existence of the pattern in a social network. It is defined by a FELP expression. It consists of variables and rules for constructing formal expressions. When a pattern is defined, the variables of an expression are bound to variables from the network model. The description explains the problem to which the pattern provides a solution and the settings when the pattern occurs. The force is the basic component of the pattern. It represents an actor relevant to the disturbance. The forces in a pattern are automatically extracted at the moment when the user binds the variable from the disturbance expression. The force relation corresponds to a relation between actors, included in the pattern as forces. The solution contains the actions, which are proposed to be carried out in the situation, to which the pattern refers. The rationale is used for reasoning about the forces and the disturbance. It may include examples, past success stories or failures. The pattern relations show whether the pattern, being currently defined, has anything in common with other patterns. The pattern relations are important for the structure of the pattern language. An example may illustrate our approach. A troll is a person which only answer in threads started by himself. This behaviour may be recognized as disturbance by other actor in a network. It depends on the existence of thread artefacts in the medium. In order to identify the trolls of a given medium we have to create a pattern expression which is then an instance of an existing pattern troll. A sample set of patterns has been defined and tested on the social networks built upon the available database sources. The patterns reflect the existence of trolls, spammers, conversationalists, questioners, answering persons, bursts and structural holes in the digital social networks. The storage of the patterns as XML documents enables their automatic application. More details can be found in [28] .
Conclusions and Outlook
In this paper we have presented first realization ideas for the ongoing work on the PROLEARN media base and the PROLEARN Measure tools for technology enhanced learning in Europe. The main goal of this endeavour carried out in the PROLEARN Network of Excellence in Professional Learning and Training is to give actors an overview of current discourse of technology enhanced learning relevant to Europe. The main idea is to reduce complexity in order to give the control of the actions back to actors in digital social networks. Not only the impact of their own actions (media agents), but also that of the other actors' actions of (media patients), should be made visible by three strategies to reduce complexity. The first strategy is information visualization with simple principles, such as 'Overview first, details later'. We have presented retrieval and exploration tools which can be easily applied within the context of the PRO-LEARN media base. A second strategy is the combination of existing social network analysis tools with cross media and knowledge management theories to produce new cross media analysis tools dealing with both the content and the structure of information. A third strategy is the development of a pattern language. With a predefined pattern, describing problems and solutions within complexity reduction on a natural language level which can be understood by non technical actors easily. We can give monitoring tools to a broad target audience to make possibly new interactions among them. Our hope is that new learning processes in communities, supported by the PROLEARN media base, take place. Furthermore, this will be a never-ending circle of knowledge creation.
These are the first experiments we undertake with social software in the context of professional learning. The PROLEARN media base and the PRO-LEARN Measure tools are integrated in the PROLEARN Academy portal (www. prolearn-academy.org) to reach a broad audience inside and outside the network. We have ongoing discussions among the network members to add media to the media base and to join forces with fellow projects, such as the EU STREPS ICamp (www.icamp-project.org) [24] and the other projects from the Professional Learning Cluster (www.professional-learning-cluster.org). We do not know how the media base will develop in future. As stated in [6] , some of the best communities are not built -they emerged.
